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anhuary, 2011
By: AM

R520 BRIDGE BATCH PLANT
ILE FOUNDATION DESIGN

Recquired:

Location:

References:

Givens
fe= 4000-psi

Fy = 60000-psi

Overturning

Design slab and piles for portable batch plant.

Aberdeen, WA

1. GeoTechnical Report by Shannon & Wilson, attached

2. Con-E-Co drawing C7362-F1, including dead,
live, and wind loads
2a. Gon-E-Co drawing C7362-F1 calculation markup

3. ACI 318-05, "Building Code Requirements for Structural -

Concrete”

4. "Design of Headed Anchor Bolis" by Shipp & Haninger, att

concrete compressive strength

ASTMAG15, Grade 60

reinforcing bars

Ref. 2a
M, = [[(81) [%) -(zu)] A-150 %}(nf'ﬂ) + (32.7-K)-{5.625-t + 16.625-7) M, = 3735-k-t
Mo—r = 825-k-ft
Mois > 10 OK
Moy
11312011 4:21 PM 1of4



Soil Pressure
Ref. 2a
(134.1 + 134.1 + 25)-K
p=— = p=146-ksf
200.25-ft '
Punching Shear
: 625 . : .
d = 24-in— [3 + 2 )-m $=075 d = 20.569-in
b = 4-{14+in + d) b = 138.7-in
V= 4-,/fc-psi-ba-d ¢V=545k > 16-(1341:K) =215k Ref. 3,11-35
OK
Beam Shear
See aftached diagram
wi?
w= 1500-plf L:= 501+ My:i= — M, =1883k-1t
. b 1
b= 12-in | Fe= 0003 F=0428 $:=09
12000 4,
% Ky=49 ° Use minimum bending steel
. - se minimum bendin e
K= - ¢
Prin>= 133-0.0013 Purin = 0.0017 " ppihed =043n° Ref. 3. 1053
Use 6 @ 12" o.c.
each way at top and
bottom.

1£13/2011 4:21 PM ' 2 of 4



Development Length

ay = .75-In

Fy

25.,} f'o-psi e

18" Diam. x 3/8" Steel Piles

bt Ly = 28.5-In

W= 1500-psf

w-(8.25-fi)-s = (0.65)-400-k solve,s — 21.010101010101810301 R

Head Plate Punching Shear
d = 12-in

| bo=4fd+30d) 000

Vei=4fopsibyd

=075 SV = 383K

Headed Anchor Bolis
See Ref. 4.

Ti = 316K Vis= 128k

=055
G:=185
=10

- [c-v.wr;)
R

Fy = 92-ksi

T=100.5k

Fn = 120-ksi

>

Ref. 3,12.2.2

Ref. 1, Fig.2

depth of head plate
Vg-’ 510k

pile capacity
OK

Maximum wind uplift and
horizontal loading,
columns A1 & A2

For grouted baseplate

'A325 bolt

1132011 421 PM
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nFy-Ay =223k T

72720 b

TEY e——— 2
Aot ons 4{0.65) -‘/ fopsi Acol reqd =44210

Verfical reinforcement

Fy = GO'RSE

_ h(mmi
A==

* By pogn <4851
A= 12404409 Ag=5281n°

LdJeq¢=17in

Lq__l'aqd - 17-d

Agy=0.9310"

Ay

=473
0.196-in”

Column shear

b= 075

75
Vo= 2.f fc-psi-(ao ~3.0-05~- %) in-{30-in)

<

$-Ve=744k

Thl. 2A, 1" diam. bolt

4 bolts per column

Ag= G0 OK

Forrebar

Use 12 - #6 bent bars)

‘DseS-#:l fies @3 0.C)

'

Vi OK

>

Use 30"x30" concret
column

111372011 4:21 PM
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Design of Headed Anchor Bolis

JOHN'G. SHIPP' AND EDWARD B HANING

1

EMMEm@&bmﬂam“mw

anchorage Slﬂl:sgcnmdly pmpnrﬂnmﬂ mljrhm
stress, The cmbedment requsrements for anch stsl
are ot dearly defined by mést codesiand areTeRtlargely fo
= of the design engincer; Alsg, thertrarcno
Fﬂﬂﬂmtﬁmibﬂtﬂtﬁﬂummﬂm s
toa duoctile failure in &Camherm“lm
for with a peobability- based Brmit states designror Load-and
RmﬂmFmDengna.RFD)ﬁrmqmm
forees pov mangated. 3n many arcas dus to.the rensed
seismic apl wind loads roquire de
mmmmmmﬂﬁ 'Ibﬂm=&ce
is aweed for 2 complete desipn procedure for and
Mmmwmmmmhah
@ﬁﬂﬂ@hm._ probehiti b Eryy

THE BEADRD BOXX AS. AN ANCHORABE

Yhost , a5 designed heeein, Brerommended asthe
dﬁumttypcol‘an&ong:toumfgrmmw
shearJoads. Othir anchorages which have hécn dsed are
hogs. Lebolts, J-balts, rods with a balted bearing plateand sheap
menmmtﬂhh‘!ﬂmnm
sbp atmwmmm headed bohe'™S The suthocs
perfommni]—bdu.l?maﬂm:de&mdwnhzm
ol lngmmbﬂdﬂmmgmm
ahumﬂn:m:l:sﬂm-;imn properly shedi mzy;mn]ly
decrease the anchor capacity by cavsing a wealkened failire
plaie in the conerete. 417 Shear fugs e £l ina b
) Uﬂgit‘mtproycﬂyeonﬁma :and'donot Iend themselves
toashear fnchonm],sh:::.
The headed bolt, whex propedy cnbedded pmd confincd,
will develop the full ténsile caparity of even A490 high

. nfm:ié';ﬁe.'fhisis

for anchor

neers Wuﬁsﬁ Irnne,l;‘g&‘m

Wﬂ!ﬁmgrmsmm-sm eir, i En-
ginears ond Constructars, Inc., Buine, Eﬂﬂ

sm@hwmtwmgm-m&ﬁ belt is
dwdqpcd, aduuﬂcﬁilmmbem by the shear

accomphished pullooi

strengih-of the “coierete failore cone™ (i) sich Batit

qua'lﬂhe finfrivien specified feasile:strength T, 4,). or

ull-anchorage vatue” of theanchor bolt. See Figs. Zand

‘lfl foc Elustrations of fhe concrets Faihure-cone concept. See

Appm&xAl'arlh:k-mundlu hm&um

Thedesign appriich ) wilhy

the pu:upmd AISC for Nudar Fadlities?

ACT 318-?'! 2a0d} ﬂgppropwudmmm 313—7-77
349, suppkmﬂm!

DESIGIN PARSMETERES

s m.,,g,u.“ preseriied s generally spplicable wo
m of bidll o comédEté striighe: Howeier, thes
ing yepirtdeitative materjaly aré usedin developing:
‘B"‘ A7 (Grade B), A325; A449 and A6&7. Concrele
umm&mhma mnnmmprmslrmg&(f)
of 3,000 psi_.Anchor-Bolts are hiavy bex bdlts or thricaded:
stedba::w:&mghaqhm:mplmm@nmm;
qud ‘ot theemhedded end of each fhreaded stecl bar are
at two places bow hex met. A1l bolls
asebmthha"m:gughf'mnmnasd:ﬁnﬁbym
i between attachnenrs. Thi= condrete
Evar least 14 day:dﬂpcm-m tighteningthe iricbior bol
in order toprevent bolt rotation. Anchor bults are
for combined shear and tension lasds; the area ofmmelm-
quired for mlﬁ[s&ﬁrnmduﬂaaﬁnv&m
wﬂlbcmﬁsﬁhﬁtaﬂin-w’msﬁ w Dhesi

comm- TERSION AND. SERAR
Many anthors liave presented data and interaction tgua-
tions to account for-the cotabinett M of Salshts

58
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R Ry e e L
STANDARD AVCHOR Bot)
g 1. Brample of tusve plote losding
{sseRefs. 1,3,12 14, iSand:l?).In.lﬁ&pi_p:r the totzl

reqirel are andmrhnhmdmmmmﬂ

Toads§s considéred to be additive (see Appendix B, and Rigs.

1afid9).
i 1 a4 -7 :
1 _ni . Aty
h: 7 A
: i ra ;TT
S & 1
7wl o

’. d
13
EHENTE SPRES AR+

SRs
T By

Fig. Z, Effectivestress avea for limited deptle {4

Bolx Edgn
w Ditamoe
Type: Deestription L 4 w &nlu;nh
A Folated F2n, {mzm, g TS B
» L s
. ey
B Shbwrifeingl | r2n | n2<wd [rw2>m
q: i -% _ :
L Shearmiibmiemin | retn e cm L, | <z
ﬁumhpphc.
. liﬂwzépn
D mm‘? TV v, iy < coirete ey
nu&m Tand2
-Nﬁ%mm%m&mhuwn&.
2 fiven T Tl UB foi-all ot types.

The rationale for ﬂmbﬁm&s:hﬂtbeshml’mnq(l",)

. tauscs 3 beajiig failore near’ the conéréte- surface and

mhlg:ﬁ;ﬁmht}up tl::{rzn nln;tbwbo!tmanm
fennon -:hm‘htmn, aw

E5 f ol for “full 2

(Tr), ananﬂ!n;r :sievdoped mm
Design (FBESD), thie anchor bolt design resistanice Is.
Mﬂm*a’qmlmtﬁ:mmnﬁndwm(rﬂ
gf’hﬂriﬁ}l@dﬁﬂnahﬁwmw@m

4R, =T
‘whicte
" 4;F, = Nowinat 10
iy b !%ﬁ:m?ﬁ%?
mm ¥icld streogth {see

+ G = Shear ooeffidicnt, ‘equal (o the imierie of the

ﬁlﬂr‘ﬁﬂlmtlhm,u pu-ng 3, for the:
hnﬂarbm plate imounting. ’ L
“Tekile R Vﬂﬁﬁt&rs&am.h
Bol; [Devdograest | Bolt' | Dismnwefr | Distomfor
Type | Boph | Spaciog Shexr Teagdon
(BT L T "o my
Ay 12d 16d $2d Sd ok 4” min.
fh Td 24d i7d Ydor4"min,
.72 72 244 174 Tl oc'$” i,
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) ©

. AR, (p) 1 Zym Ga) m o). 75a )
Temile ) . ] . e | Tdie .
Bole | Strise. |F ee35bol | Fy=58 kni [P Bl | B, =920 { B, 00545 | 124 | 174 | 192 |47 min. | #7mim | 362 24| 280
Dismiter] Aren - o N
' g A Al ) Axzs ASTS A A3 | A36 | AR | Ads| AB2S
oy § @y Ady, Kare | Adc. iy A887 | AZ07 § Addo | A&ST | A307 | AssT T ARED | ASET
%ofou2.| siz 1806 1491 6 | 3] 9%} 4 ¥ 8] 12 | 4
5 | ozzs- Bie . 2079 zn 7% Mt a2 4 %] w] 5] 38
¥ (o33 1202 3073 3507 2 |1 ) 4 | wEF ) i
7 (oaez-| 165 e an [whbus f17 | &l a | 0] o =
1 0806 2182 555 Qaa 1z [ {® 5 T {6 |l
1% foves | R4 618D 2042 (s j9 (2B 5%y Rl mim
E: -0:569 3459 7849 o7 15 | 21%| 24 % | %] 2] 30| 3
s 4159 ;56 213 16E {26 |26 Ok | ¥hl2] 1|
1% {1405 505 13338 Wis 118 fehimhi TR g | 2] 6| £
7 |19 624 finz 1995 2t |30 |y BN | Y | 2] 427 4
2 250 1] 1450y Z525 24 |38 | an i Mo 3R] B
26 1335 JiI7T 1ish L3 Zr |2 |4 ubgp K ) M@
2% | 400 140 220, w200 3 {4 |48 | 2% | %] @) 0l
2 pess By r A 2055 . L3 vard 33 7 |52 ny oy 4] sl
3. 591 | 2148 363 665 12 |5 |37 J15 [ 4] 72 | 8¢
Notess

1. The fllowing formcias e borm tarsrvatively simpliod by using the valors tn Tallc 28: * =
: .Hyr@\/f,'—.nmpﬁmmwz._. T T e .
e .
=dy f————— y 7
&) = 1[ Be /e A4 Appenii B, Sect. B 513
. : ;
(éar.:-d:‘f.,s ﬁpmMmSnuu
2. Befot.eobering thin table the foka} effective design koad (1) shall include the appropeiane Tosed Eacioes, streincrenss Facsdrs ¢ pesduliiey Bisvors; capacity

rediction factors [#) and ibiar cocficiont (C).
3. Allcompotanigay sre bised onff. = 2000 pei.
For PBLSD o Ultimate Streogth Design (USD): T = Teasion design foad effect equal to the product’
¥; = Shizmr: desipi load efféct 2qual o the prodog of bt load K in.acordan
! ﬂmlmdhnut(s)zndénmﬁmlﬁmhi 2pplicahle codes. For cxample, using ACI
The Joad Bactors are in accordanee with appli- 318.77, Ty = 14D + 171 _
cable codes. For example, vsiog- ACGI 318-77, V; $ = Caparity reduction factor )
=14D +17L . = 0.90 for factored design lnads under USDH
. | Talo2B. Vakies Bl am ACI343-76 Pisinisions
L o - - B, o F
LBy A L7 R £~
F, i . :
(ks Acgol Vs Acmal Use Actizl . Us
58 12 124 A3 54 tigsg 124
%0 145954 wd 424 7d 14804 17d
105 16354 i7d 5854 74 15994 nd
120 17264 574 6254 EY 7094 trd
150 19304 197 S99 72 1o 194
Dobes Vil Bskcllin Wiis tiblesire based o % = 3000 poi.
. 50
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o= 1.0.for USD. Probahility considetatignis are fn-
Tachors.

cluded in the Joad
Eor Working Stress Desiga (WSB):
V;=Nominal shear load. For example;
V=D 4L :
Ty=Nominal tehsion Joadl For exavyle,
Ty [+ 1

= Capacity mduction factor; -which includes a o
safety fctor, used'to convertiyicl capacity to-
working laids = .53

o = Frohability fattor (PF) vic reciprdcaliof the Siicss
increase factor (1/STF), i.e., Aeisdiic Joad coin-
binod with dead Tonds and live Inads. Bi7.=0),75;

ok, 0 = P = 0.95, 8IF = 1,33; thercfore,
a=1/8IF =0.75. .

ANUHOR BOLT UESICN

binted cifocts of balt spacivig, tmbedment depth:and edge
distance, such that the heavy heix head ob 9 standand anthor
belt provides “full anchorage® in cpnergte equal to the
tensile capacity of thebolt, agenvies/authoprhave
publisbed reports representing theirstest data and for rec-
. emmmeridations.to acooint for these virfables, (sce Refs. 9, -
10, 13, 16 and 17), T}mmmmmwh:ch\fq&w
xrepeesent 2 compasite of the pulilished Eierature, modified
for d:;:ifﬁbﬂity with ACT 3493 W:cmp!ﬁn bars an
e et s oy b e b
Amezican Stanidard heavy hex mat of equal or Nigher
isteed with bok threads “staked” at two places helow

Referto Talites 1A and 1B for-a sumniary of the various
anighor balt dlassifications aid ariterds for which-design
procedures are herein provided. Note that anchiochlts arg
defincd astype A, B, Gor . Thesetypes repsesent varipus
desipn conditinns of anchor bblts suth as-spacing, edge
distance and development Jength,

Tygie-A Anckor Bolis—Andior bolts are clissified 2
Type A, or isolated, whensalk the: following apply:
© The closest bolt spacing () is greater than or
gk e g tsrcnnl
(e, o velapping failure tonés).
¢ The closit-eflge distance (m) is greatés than or cqual
to the minimnm edge -distanee for shear (i) as
specified in ‘Fahle 1B, Note: m,, > %,/%5 s, > m,
= Tho bolt cmbedmenr depth iz greater than or equal
to L asspetifiedin Talile 1B.

Thesize of Type A anchor bolts is sefected such that the
design foad (1) doés not exceed the basic Nowiinal Dmgn' 7
Resistance. (4,F,) values tbulated inTable2s, -

Type B Anihor Bolts—Anchor bolts are classified 2%
“Typa B or shear reinforocment anly, when all of the
following apply:
* The closest bolt spacing (r) is greater shan ot einal
o1,
= Theclosest edge distanoe () is than or
16 7/ biit less than s, Notc:g::/zhﬁm -
= n&ba}ttmbedmd&pddrmm«md
10 L.
“Thesize of Type B anchor bl is selectodas per
A asichor bolts. Tn addition, shear o
ofany oitical plank: of poiential
Saflure {soc Fig. 2). The total axea of bojisontal shear
xeinforcimg stegl (4,) & determined as Follows:
Bk
CF, o453
where F, is the specified minimum yied agth of the
here E, o’y n yield strength
Type- 0 Anchor Bolts—Anchor bolts ave classifed as
Type C, or shear reinforoenent pluy overlapping failure
conc considecations, when all the followiog apply:
® The closest hole spacing {r) is less than v,

= The distanoe (e} is greater tham or
t0.m; and Jezy than ;. I'%_Otﬁ mg.':g:/? e
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‘ e FoA0p0 .
. i ks F, =50 pASTIE =0 | H=Gos
- *, A3% A3 Aszs o
& [ 5 A A ] . Ade9 Aesr
- 0142 B ' 1706 213
% azzs 1341 2742 s
% o334 1937 006 5
% § ode " 2680 ssat 43
1 i Déos 3535 272 209
" D763 44323 .1z 1945
W 969 5620 0.7 1458
. Bl 1155 6699 iy, . ins
1% 1405 3149 118 2008,
% 150 562 71p 250
z ‘250 150 2250 8750
2% azs 1Rl 2925 4575
C 2k 400 =0 3600 #0030
2% 493 25y 4137 TS,
3 597 3443 5373 955
- ‘Iheboltmheﬂm:ntd;pﬂumunbukmmby - Bmess from the extexior bolt beads towand

oasidering the effect of coneretc fensile

mﬁwﬁ&ﬂ Note: Ly {required) > Lyas---

" mabolated in Talile 1B,

- Undu‘m.tmdmgnwﬂhhcdombdtdg:dﬂm
belessihan 72, or-d'in.

Thtmbt‘l‘ypeﬁdnﬁorhlmssclwﬂasper'rm
A-anchor bolts: Shear reinforcement is proyidad as per
TypeBmhnrbolm.Alw,thc!goILc&bdmmtd:pthh
raleufated as follows:

o Fivsl, caleudate-the effective conerete tensile stress arex

depﬂlmﬂhnh'l'hetﬂ’ecm\emﬂe
tuuileshuxm.{d.)uﬂ:prqoﬂadhmhm&cd
hhmmwmﬁmm
- froin iltie cige of the bolt head and the coacrete surface
at which the loads are minusthearez of the
bolthud: {xcferto K. 2)..
Then, calcnlate ﬂ:c pullout strength (U,), whire
v’?::u the: allowable wiifrm nnna:m tcnsi]c
mapphdomibciﬂ'mhmﬂmsamla

L =UiBT 4. > Fud;

* Note that T, must be greater than or equal to thie
miniminn specified tensile strength {F,4,) of the
standard axichior boltas tabiplated in Table 3. IfD}.n
Jess than I, A;, continue ko increase the bolt embed-
xoent depth unil 2 sobution is ditained. -

o The fehsle of the conorete Lilure conen a
" slab awﬂmwwwmamm
‘the' out-to-ont dimensions of the anchors, i 45 degree

T 62
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the compression face do Rot Intersect within the con-

- crete; then- the offective stress area is Boitet as shown ~

in Fig.2.

Type D. Auchac Bolts—Anchar bolts are dasified as
Type-D, or iension kap with xrinforcement, when afl the

!’nﬂawngng
» Thedosest balt spacing (7) is Jess than 7.

= The elofcst edgedfistance (m) is greater than
mmandlﬁhnr,ﬂ(mn -

. mmﬂhbh.mbuﬂmmdep&nm‘ﬂm
oregual to L.z

® mmmnf:hpmhmmudcmﬂn
Stress-conts {A,) 2 exremely Iiniied, such thay
fatlure mechanism is voptiolled by thé seinforéed
scefiop pather' than Iy the yielditg of the andior bole
stecl. Sueh simafions mmonlym in domicrete

pieis.

mmorzyp:n anchorhu!r.s:ssdmdupu-l‘ypc
A, anchorbolts. Shear reinforoerient #s provided as per
Type B anchor balts. Additional tension reinforcement is
_ provided as follows:
* Addifional tepsion réinforcement is provided by
mmanyimcﬁmﬁmngm&mm&m
the anchor bolts are devéloped for “ull ancharage *
Refer to Fig. 4 for ihe recoimmeénded ténsion reio~
forcement practice.

¢ The total area of tention reinforoement (4,,) asde-
termined by thie following equation 3s developed on

_Jz’



TO gy .2 2"

both sides of the exitical plane of potential Eilure:
A=l Ay F,
where
7= Total number of bokis a fhe b group
: F;wwm yield, #szuﬁng
NUMERICAY, nm iRe:
The Eﬁﬁonofﬂaeuﬂq&m@ipiﬁhp@u_ it
ckamples demdnstrate Type A atid D_anckor bolts. An
“exanples alw gscseated for a tobumg base plate for which
bolt hedd placemesit.
wkmi&{ﬁs’hﬁ-ﬁﬂ#j’mr&i
Voot DL+LL+WL
« = 3000 psi :
A’Féggﬂ;m q*UStF=Q.715
=035 (working stress design
3=185mhgphm)

I'>

BREL

Fig. 5. Bvemple 1- Type Aunchor bolt

D |

r= H’-'."‘j % acr-—s)——i"““;'ss*'as 0.75 =86Xips

RnfamTaHéZAindadaefl%—ih.di&M“holb:
A, = 9.6 ipe> 86 Lips

Usse 1%y, dia. A325 balls; 1, = 33 in. and L = 24 i,
e 2 D Bolts in ; ped Piec

Desigm dnclior bolts fo eylindrical hedlér fomdation.

_ For empty + wind toad combination: \

Tr=1kp  V:=3kip

I, =50k  f.=3000ps

SIF=10; a=10"
r=1Z o me=4

¢ == 0.55 (working strew design)
0=1.85(mhepbm)
Design:
—{CHB+ ] [185 F1_ o
T=F= p[~f&)—} 119kips
Froog Table 24, for Y-in. din. A%7 anchor boly-
48, = 1202 kips = 11.9.kipd
r=12in, %7, =121n )
my 5w <my,, whenem, = 4in.
=9,

Foudy = 19,370 Tbs (see Table )]
A (required) =—Jede_ 19370

; =136 8q..im,
Ae=102=100sq,in. <136sq.50. mg:
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Ao (R ove B)-

ELEYATION
Fig. 6. Example 2 Type ) inchor bolt.

Tnerease pier size to 24m_sqnaze, {10 avoid placement of
tension yeinforcement), such that

i =122=14435q.in.> 136 9q.in. ok

Neitt, ghieck the yelnforeed section and ptwd::lmon p
reinfortement.

2¥°50.

Fig. 7. Example 2: Pier for Type 12 anchor bolt

ENGREERNG. JOURNAL 7 AMERICAN INSTITIRE OF STEEL COMNSTRUCTION

Thus, we havea Type D anchor balt.
A nF,d; _4(19.37)
& (60)

= 1_29 aq.in. <1.603q. iri. (8-#4!:&1'3)
Ve 4-344 Utrara.
Shear reinforcement must also be providéd.
A e T 1937

GT;- cos 45 (1.85HE0) 70D
=0,25:3q. in. <040 sg-in, (1-¢4 U-bar),
Uit §-3¢4 Ulbarin eath divection_ :

Example 3:(Scc Figs. 8 and 9}
A= oyt =x(28P=2463in?
U =4BfiAZFA
=4{85).4000 (2443) = 529,630bs
F A, = 11020004y = 430,600 Ibe < 529,630 B (o Tkl 3)

OMF#C
5[]’555 m Ar!

.ﬁ:
Mﬂ!muns nmnmsea‘

4
IV
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Therefoic, 4-1%in. maxizum dismeter bolts may be

4 Note: 74 =24 in. xiot allequaté: if £, = 3000 pef acd § =
- 0.65, 3c., anchor bolt hicad within fax fmpdmrofw

moeat,
.der.é. T’ng';—?f] o

.‘.

Il

T Tp =3, =0354F, = &V 4+ T
g | C =1.85,0=10
{71 & =0.55WSD)

T'= AT, {Table 26)

Anchor Boly Workinig Strese Loads: Sec Fig. 9 for plot,

‘cﬁ-(-mirgﬂv.

-A307
BohDia. |
Gu) | 0554F, Vi Tr
% 2382 g 282
152 | o
1 1200 0 _|1ze0
e mrin s o o o 2
vh 2782 0 2782
Jg. o E?nm'lﬁh&lnhuﬁmw - - 15.04 (]
% 3762 o -{ 362
7038 { 0
NOMENCLATURE

A, = Effeciiye projected stress arca to which the
‘lowahl¢ unifosm concrete tensile stress i:i
plicd to determine the pullont strength of con-
Ereté

s =Total area of reinforcing steel across  potential
tension faifune,

= 1.10 when stee] plates are embedded with ex-
jpased surface flush-with-concrete surface

=1.25 when steel plates are recessed fn groptwith
bottofa of plate in concrete surface

= 1.85 when steel plates are supported an grest
motiar with exposed muxface exterior o con-

o | créde surEace ;
ELEVATION ¢ = Equivalent cirelé for hex head
‘ _ : o = Nominal diameter of 2 belt or plain bar
Fig. 10. Projected ariacf heaby hexagonal huod J'= =Bpecified compressive strengthof conerete
€5
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F = & - ‘- . L] Id; L] d d =, nr m_
7 vebar as tabplated heboie:
500) | ASTM | BokeDiimitiign)
%5 AT T AR
52 A225 ] hwlixl ‘
8 -A325 Ot 111, o,
Adp . Windind
8 Ay Oz L 1o 13 inct.
Ay Orer (Y108, 308
105 -ASET o103, indl
@0 §  AsIS TypeS, Grade 80 Rikiar
40 AB15 Grade 4D Bebar

F, =Minimum specified tensile strength 6fstoel
i ummfi strength as

58 A3D? Al
120 4325 310 fuined,
05 Adzs Over 11013, incl.
2y Adty /2101, died
205 AddD Overtnl 12, Sand.
w A44p Over 15103, ok
150 ] ASB7 - Bhad Beil
- h=Thidnésipta cosrvieslaborwall
£, = Minimum embedded length xequired ro fully

develop fhe-teniile sirength 6f anrandher holy
. &g = Bagic developinerit Jength-for refoforerment
g, = Development kenigth of reinforcement with
standard hool

w =Eige distance from the criter of an anchos to-
ﬂ‘eﬂdmﬁedgednhnw ! due
m, = Mimmum istance to prevent Faflure
0 kareral bursting forces at o standard amchor
bolt head
1, = Minimum edge distance to.develop the full
tefisile capacity of sn anchor bolt in shear
within additional remforocment whith the shear
load acts 1oward the free edge
1 = Number of bolts iz bolt group
P = hnhaﬁﬂity‘m
7 = §pacing of miultiple anchors
Tire =l{-§n§imspﬁnso!’mﬂﬁpkam&mbdﬁ
SIF = Sivess Increase Factor :
T= Totald'fccﬁvtaneborb&tcl_nsignt':mfmload
due th bending and direct load
Ty = Téosion Joad acting on an individual auchor
bolt o wedge anchgr
U, = Pullout strength of concrete equal to the tensile
capicity of the conerete failure come
V = Total shear ju an anchofage
V: = Sheas Joad acting on an individual arichor
= Capacity reduction factor

= 0.90 for factored design loads under Tlimate

ENGREERING JOURHAL / AVERICAN INSTITUTE OF STERL CONSTRUCTION

Steogth Design (USD) for steed tensile
mlress

=055 for seivice design loads finder Wiorking
Stress Design (WSD); complics-with AISC
allovrable i values
A mmgéc;d;'(Pn reciprogal of ih
pip Fa " or-rediprogal of the
stress norcase’ Facudr (1 /SIF) o
B = Guoncrese tensile siress nduetion factor
=10.65 foromencte tensile siress when-amboded
anchor head is within fax face remforoement
=085 fioi coficeete tensile stress when cawbeiided
anchoi head is keyond the far face réinforee
ment

ACENOWEEDGMENTS

L. Adiardi, & and L. Saltis - Condbined Shearand Tinsion

Insittate Construction, Vol. 16, No. 7, 1979,
for Relfoeeed

2, AGI' Building Code Reguiremnents for
ACI378-77.

5. ACl Appeoddin B—Stedd Embedments (1978C) ACT
34076 Subplement, 1979,

'3 }gsc Mauad of Siedd Construction  Bighth Edition,

980,

5 AISC  Specification for The, Design, Fabwication and.
Erection of Stocl Safety Related. Strgctures For Nodear
;’WN&&Q AIST Proposed Specificativn, Jon, 7,

6 ANSY Americen National Standard - Fuild e Re-
quircments for. Minimum Biesign Loads in Beiildings and
Other - ANST A55.7-3072,

7. Cannon, R. W., D. A Goillrey ani F. I.. Moreaddh Guide
10 TheDesign of Anchos Boltswod
Concrets Inlerhaiional, July 7931.

9 Hdin-,fm.‘bi’. Sﬁumml-l)emilsinwﬂlsﬁal
e e
Hoswbdindirs G B . O o . . B K. Lo
o 3 W By . U, £ - recn and -
Sivengih amid Befuavior of Anchos Bolis Erggeadod New
Eidges of Concrete Piers Resetech Report 20°9F, Cenler
d%ﬂmmwdfmum,

May 7977
11 JCBO Uniferm Building Code—1979 Edition Zaferna-
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12 Kherod, V. J. Auy Bo!t%dpfwﬂidrai'tmﬁm

eering - ican Institute of Stee! Con-
struition, Vol. 77, No. 7, 1930.
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13, Lea, D). W. and . E. Breen. F?twm Td:s:le&m %zd' B.(AG/;);!
Resecrch Report Mw = +& —
Cooperative  Highuny Ressarch Program with. Texas _:[L?*&-GL-I-C;/-A‘ - C2/04]

dnd U8, Bureaws of Publii Roads, =
ERLEIATEES TG

. 1960. & -m)
4. Mecdlockin, F.; R. Stutier end:[. Fisher Headed ‘Stec) + }{4{0.55
mvwwwmmm =:F,a
.i!mmmn.buﬁwr f&adqommm Vol. 10, Ne: Z; @,:!q-a{,)
15. m.t qutn k—Precast Presteessal Coneoete Also, ‘Ef.=Fd, , in pounds (soe Table 3).
ia&m@ W ’ﬁ"mnm,fmmu Thitackiiie,
é 3 i &
inCoairete Colifornia Departorent pfﬁtmpor 03#7-41:-2"’4473&‘-1".,&;
mma&www = L2% CF, — {
WWW?BS&IM{## nll:;” 1’.979. 9=L54 CL — (FRdy/ 4474
17, TV, Avchoragy: to Concrete  Tenieswy Aulhmq —fva
Digision. of Engineering Desipn, Thermal Powoy 5 e GhAS G4 447
nm—WMGﬁﬂ?&& Bec: 1,7975. L= gt
APPENDIX A
BONIMUBS SPATING AND EMBEDMENT ‘/cﬂ+ 912 -C
An equivalent circleds asnurived equalto the projested area = )
of 2 lieavy heiagonal head (sce Fig. 10),
Thbic4 for
A,..,=(‘5Jm !1&6615* f:;oihws: tabalted valucs, The design aritesia are o
- Age=wCH4 S 1. M’imnnmspm.ngufhﬂk(r.}:
B.B&GF*==IC’/4— Yor AS07: 2X8.0d =164
i fOBEBF2(4) For A325/A449: 2 X 12:08 = 24d
i r TG ForA87: 2X14.0d =284
‘Lible 4. Tibabdcd Valuesof X,
Heavy.
Hex
‘Teosils Wn!dn .
e | e | e a2, a3 A5, 84089 asgy
2 4 F. < T z 3
) g {in) (in) ) | oo () SLfd =) L2
3 a1 073 - LU 7% 58 116 & 1 e
T Q226 .
% o3 3125 132 &0 . &0 89 11,9 100 133
% D462 . v ;
I 0.606 1625 i O 1 &1 Zp 120 034 134
1w, 0965 .
1% 141 2475 z30 i24 3. 17.0 4 205 138
% 190 .
2 250 2325 328 165 a3 27 ) &3 213 137
2% 325
2¥, A00 3475 447 209 1% 227 115 346 138
VEA 493
3 597 A.625 4.86 5 BS as1 i g 423 41

-rommhammhmdvdmmwmﬁﬂymﬁch;mmmhmuiun;unum;famefnm;m.aa.-
Koo A6, ATz L/ d =135 {8.5) = 12 )
ForAS25, A449: L/d = 133 (12.0) =
Foe A687;.L/d = 133 (14.1) = 19
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2. Formula for embhedment length (L)

Ly=. mdﬂlf-i—- where F,, is inksi.

3 Embwm{m
ForA307: Ly=i2d
PFor AS25/4449: Ly=17d
ForA68T: Lg=194

4. Valuésarétabilated it Table 2.

AEPENDIX B: IDI.‘T TENSTON/
SHEAR INTERACITON EQUATIONS

The area of stocl required: fnrunmandshmnmd—

cmdlddih\u:.

Ay x_____t;‘ﬂi = area of stedl required forshear

Ag‘ﬁiﬁ = aivea of steel required {or-tension

‘I'lllpl'!:
=alowable shiear siress
F;{ allowakile tension s{trcss
o =Pmbahilntffadnr PF) oryeciprocal of the:
striss Focteasé Factor {1/81F).
NO‘IE: [+ <1.0.=

Lot A=t
whicye A = tensile stressarea of anchorams
otV , oTF - :
F, T a %
CV T;.' l
'F.,.ﬁi F_,;ﬂ!g &

The shear force (V) ravses a faihize near
meamﬁmandmndzhsﬁwshmha&mmd}'m
tension load i ilie achorage.

Fr —1!':!

"By = Fady =T
CP‘ v _1
ST T @
=[.6‘V T

Note that 47 may e solied for as fallows:
‘ aG¥V 4 ol =4,
e Fa
Fy =Fy = ¢F,
CV+ T3]

“=] oF, 1%

Expresped asam interzotion equartior:

(44 v . F '5".[
$Ed; - 9P

APPENDIE C. PBOBABILNYY-
BASED LYMKD STATES DRSIGN (PRLSD)

L. ‘The PBLSD iesien criterion js expressod in general
form.as follows:

Design Resistapee 2 Elfget of Design Loads
Ivequationfoym: $.8 =7 ii:lmw
where
¢=:mstan::hm hxhanl.ﬂ,mmsfnr
S :
R“mdwmm(m).m
to the plamc strength of a structoral

Y, = analysis factor

= [dad , than 1.0, and
e e B

?.?* = nominal design load cfect

Z dmouﬂteumbmudlwd&fmsﬁnﬁ: .

=3 yarious ciuses

2 mmwnmmmommwm
‘The nominal resistance (R} is always: refated 10 2.
spedific “fimit state”* Two dasses of limit states are
ptnlnmtmmchnal design: the “pltivbate Fijt

nrwuiinghmitm
Violmdlht‘&dﬁmztchmtsl'.ﬁe”mvohcslm
ddlwpg:kdﬁthemmﬁmwﬁam‘ﬁm

abilityJimitstab” involves excersive deflection, ex- )

ofssive vibiation and grots yiclding,
3. The anchor bolt design equation expressed in
?Blsvfmmrhdmvedasioﬂwaz
> .
M—?«-i{;{ﬂfi’h
L R = K4,
where

Fyy = minionom yield strength of stee}
Ag—hdﬂ:amsﬂem

- Lay, =
J
Iﬁéﬂ@) =CVi+TF

{the combined ffect of tensidn and shear Ioads
as dexived jn Appendix B)
where
C = Shear cotfficient

|8
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Vi =V + ¥oVa b . iV where F,A,— values ave tabulated fu Talila 24 .
D=y byl +.. 0T
1% Load factoic for Fead case mumber 1

Y2= Load factor for Ibad cass nymiber 2 Note: é = ﬁmaﬂmn?wmmmm 'ﬂiltkm ahmﬂw
By sobstitution:: ¢ By Z{CF; + Tylo stréngih (USD).

CFi+ . ¢ =055 is a vesistance Eactor whichroonyests

F,A_‘_E[—‘ﬁ—zk]m=1‘ : the ﬁl;!d apadty fo working loads

-
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R520 BRIDGE TREATMENT TANK
ILE FOUNDATION DESIGN
anuary, 2011
By: AM
Required: Design slab and piles fortreatment tank.
_Location: Aberdeen, WA
References: 1. GeoTechnical Reportby Shannon & Wilson, attached
2. 20091BC
3. ASCET - D5, "Minimum Design Loads for Buildings.."
4. ACI 318-05, "Building Code Requirements for Structural
Concrete”
B. AISC "Manual of Steel Construchon" Ed13 —
. - ' 6.  Sketch of existing tank {attached)
Given:
rc 4000-psi congcrete compressive strength
Fy = 60000-psi ASTMAGE15, Grade 60
reinforcing bars
Whaig = (24000-93')-(3.34 -g'%]‘) Weiq =200k
Wy 3= 10.0-k
Waey = 150- -—--[13 in(19.0-)2 + (1.5-R)(4)- (19.0 f1)-(12- in)] - 100- Pi (114 A+ 180.511)
ﬂ: 'ﬁ.’
Wyap = 69k
1M3/2011 4:47 PM 1of4



2.1

Wind Loadin
h=314 D= 1251
Ky = 1.17 Ref. 3, Thl. 6-3,
' Exposure D
Ku =088 Thl. 6-4
Kx=10
V=90 fortemporary struchire
atwaters edge '
1=10
= 0.00256 K Ky Ky V- pof Q= 23% Eqn. 6-15
i
G:=0385 '
-g.-;g,.;s -y Fig.6-21
Ap=h-D Ap=38750°
Fw= Gz G-CrAy Eqn.6-28 -
Overturning - empty tank
D
My 2= 0.9(Wianyg) = M, =56.25-ft-k Ref. 3,2.3.2, Eqn. 6
h
Moy = 1.6Fy-> - Moy = 1134tk
Mor— M, .
Tim 20 T=2268lh 50% factor to account
for ring of holddowns.
Need anchor bol design |
113/2011 4:47 PM 2of4
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Anchor Bolis
See attached Hilli software analysis.
Soil Pressure - full tank
12(w. W, W,
. (Wygap + Wank + Wiyg) . 0.3T2 I
(19.0-7)° (1901
2 _ Ref. 3,2.3.2, Eqn. 3
_ p-(19.0-8)
pile =— 2(0.65) . Fﬁ]e =260-k .
Ref. 1, Fig. 2
R T N T T . UUseZsteelpiles,- -l -} -- - -
8" diam, 3/8" thick,
22" helow ground
urface.
Siab Reinforcement
Tiv#5 @ 12" o.c.
d:=18-in b= 12-in Ay=2-0307-In°
p'f-—ﬁ p=0.00284 > oomg  Rel47.4221
b.d
K for
hrinkage and
kemperature

141312011 4:47 PM 3of4



Holddowns

Bending

i 6.0-In+(0.375.in)”

e : §'=0.14n"
Mgy LA
Mpy = 4.54-in-k
Z= S'% Fy-Z =12.7-ink < 16-Fy-8=135-ink > Myg OK
Ref. 5, F11-1
Shear
14+F,
: = =1111ksi < (0.50)+(0.60)-F, = 32.4-ksi oK | )
. (-875-in2)+(0375-in) 5w n em e e gyl SN [
: Ref. 5, G2-1

Head Plate Punching Shear

d= 11.0:in depth of head plate

by = 4-(d + 24-in) by = 11,671t

V2= 4-fFe-psi-by-d Vi =390-k

$:=075 ¢Ve=292k > pile capacity

OK
11372011 4:47 PM 4of 4
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_:_w!vw.hﬂﬁ.us ) PROFIS Anchor 2.1.1

Company: - Page 1
Specifier: ' Proj 520 Treatment Tank
Address: Sub-Project | Pos. No.:
Phane | Fax: "] Daile: 1112011
E-Mai:
Specifiers comments:
Input data
Anchor type and diametorn: HIT-RE 500-3D + HAS B7, 6/8
Effective embedment deplh: b, =3.1161n (h,,., = 12500in)
Material ASTM A 193 Grade BT
Evaluation Service Report: ESR 2322
tssued | Valid: 412010 | =
Proof: design method ACI 318 1 AG308
Stand-off installation: &, = 0.600 In, {no stand-off); = 0.500 in.
Anchor plate: L x1,xt=6.000% 2500 x 0.500 . (Recommended plate thickness: not caleutaled)
Profile no profile
Base materiat cracked concrete , 3000, £ =3000 pei; h=18.000 in., Temp. shotfiong: 32/32°F
Instaltation: hammer drilled hols, installation conditlon: dry
Reinforcement: tension: condiion B, shear: condition B; no supplemental spiitting reinforcesment present
edge rainforcement: none or<Ne. 4 bar
Geomelry [in.] Loading fib, In.-1k]
Governing loads
N=2288 . _V.=4588 _ _ _ _ _ _ _ ___.__~_
G == = M= 0000 M,=0.000

X

Eceentricity (stuclural section) [in o

&, =0.000 Y,
€, =0.000 M,=0.000
Proof [ Utilization (Goveming hasas}
' Design values [it] Utiization %]
Loading Praof Load Gapacily BB, Stalus
Tension Goncrete Breakout Strength 2258 3328 684 - OK
Shear 2 Pryout Strength 4555 7168 -i64 - OK* =
Loading , B B C ' Utilization B,,, 1%} Status
Combined tension and shear 0,682 0.636 &3 100 ok
loads
Warnings

« Please considerall detalls and hintsfvamnings given In the detalled reportl

Fastening meets the design criterial

Inpiit vata 2nd resuits must bo chiadond for agreement wilt Ihe exfisting conditions and for flaustdiyl
PROFIS Anchor { ©) 2003-2009 Hiti AG, FL-0484 Schax  HIB s s ragisterad Trademads of HIl AG, Schaen
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R520 BRIDGE PLANT SILO
ILE FOUNDATION DESIGN
anuary, 2011
y: AM
Redquired: Design slab and piles for cementsilo,
Location: Aberdeen, WA '
‘References: 1. GeoTechnical Report by Shannon & Wilson, attached .
2. 20091BC
3. ASCET7 - 05, "Minimum Design Loads for Buildings..."
4. AGI 318-05, "Building Code Requirements for Structural
Concrefe”
5. AISC "Manual of Steel Consfruction”, Ed. 12~
- 6. Sketchofexisting silo (attached) -
Given:
P >= 4000-psi concrete compressive strength
Fy = 60000-psi ASTMAB15, Grade 60
. reinforcing bars :
{
Weament = 110:k
Wigri = 18.0k
Wgap, = 150--“—2--[(19.0-&)2 + (1.5-(4)-(19.0 -ft)] Wyap = 7125-k
ft
" 11312011 4:48 PN 520 silo.xmed 10f4



Wind Loading
h= 3194 D= 8.5t
Ky = 1.17 _ Ref. 3, Tbl. ‘63. ;
: Exposure D
Kg= 095 Tbl. 8-4
Kyp:=10
V=90 ' for temporary structure
‘ - atwaler's edge
1:=10 '
- KoK K A i
Gz 2= 0.00256 KKy Ky V-1 psf qz=23% Eqn. 615
: it
G=0385
-i-';--_-s.‘JS'  g=06 - Fig.621
Ap=hD Ag= 27115
Fy = q;-G-CpA; Eqgn. 6-28
Overtuming - empty tank , ' j"
) 94-in : '
M, = 0-9(Wmm){-2—) M, = 63.5-ft-k Ref. 3,232, Eqn. 6
08-
Moy 3= T.BFW‘['I_.s-ﬁ+ ( 2 23 ﬂ)] ~ Mo = 101-ft-k
" Mot — M,
= Toem T=4816lb
. Need anchor bolt design |-

11132011 4:48 PM T 520 silosemed : 2ofd




p B =

Anchor Bolts

See attached Hilii software analysis.

Soil Pressure - full tank

" 1AW . + Wignk + W, :
oo 2 Wegan Iankz cement)  0.8T : —
{19.0-ft) (19.0-R)
S Ref. 3,23.2, Egn. 3
£ P90 2
Al ™ " 510.65) Fpie = 190-k
Ref. 1, Fig. 2
Use2steelpiles, | <} - - - -
8" diam, 3/8" thick,
22" below ground
urface.
Slab Reinforcement
Tiy #5 @ 12" o.¢. each face.
d== 12:n b= 12-in A= 2-0307-in
s As = 0.00425 5 Autionid ‘Ref. 4,7.12.2.1
bd
K for
hrinkage an
mperature
1/13/2011 4:48 PM 520 siloxmed

30f4°
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Head Plate Pu nching'Shoar

d= 8.0:In . depth of head plate
by 5= 4-(d + 24-in) b, = 1067H
Vo= 4+ ffopsi-by-d _ ’ V,=259.k
$=1075 dVy=194k > pile capacity
OK

11312011 4:48 PM 520 silosamed o ' 4ofa
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= Please conslder all dedalls and hintsiwamings given in the defailed report!

Fastening meets the design criterial

wwwLhilti,us PROFIS Anchor2.1.1
Company: Page: 1
Specifier: Profect: 520 Bridge
Address: Sub-Profect | Pos. No.:
Phone | Fac -- Date: U101
E-Mail:
Specifier's comments;
input data
Anchor type and diamater: HIT-RE 500-SD + HAS B7, 1
Effeclive embedment deplhc P = 4000 I, (b, = 0750 in)
Material: ASTM A 193 Grade 87
Evaluation Service Report: - ESR2322 :
Issued I Valid: 4172010 |-
Proof: design method ACI 318 / AC308 >
Stand-off inslallalion: &, = 0.000in. (no stand-of); t = 0.500 in_ .
Anchar plate: L 3], %¥="18.000 x 18.000 x 0,500 in. (Recommended plate thickness: not
Profile Whape {AISC); (L X Wx T x FT)=8.000 in. x 8000 Tn. x 0,286 in. X 0.435 in.
Base material: cracked concrate , 4000, ' =4000 psi; h =12.000 In_, Temp. shorlong: 32/32°F
Installation: hammer drilted hole, Installation condition: dry
Relnforcement: tension: condition B, shear: condition B; no $upplamental splilting relnforcement present
edge reinforcerment: none or<No. 4 bar
Geomelry [in] Loading [Ib, in-1b]
Governing loads
S s N=2408 - - L 7 A I ——
M.=0.000 M,=0.000
4
x
Eccanlricily (stuctural seclion) [in)
e, =0.000 V, =0
e,=0.000 M, = 0,000
Proof ] Utliization {Governing Cases)
Design values fib] Uilization [%)
Loading Proof Load Capacily BB, Status
Tgnsion Conerete Breakout Strenath 2408 22364 111- OK
Shear Pryout Strength 797 48168 -2 OK
Loading B By & Ulilkzation B, [%] Status
Combinedtension and shear ~ 0.108 0.017 5B 3 OK
lords
Warnings

Iput data and msults mustbo checked foragreement with ha existing condillors and foe placsibiiy]

PROFIS Anchor { ) 20032008 HUAG, FL-8494 Schazn  Hill1s @ raglstensd Vrademark o HIJAG, Sehson



ALASKA

={IJ SHANNON &WILSON, INC. o

OREGON
GEOTEGHNICAL AND ENVIROCNMENTAL CONSULTANTS 2

December 21, 2010

Craig Overly
CalPortland Company
P.0.Box 1730

5975 E Marginal Way S
Seattle, WA 98111

RE: PILEFOUNDATION RECOMMENDATIONS, TEMPORARY CONCRETE
BATCH PLANT, SR520 PONTOON CASTING FACILITY, ABERDEEN,
WASHINGTON

Dear Mr. Overly,

The purpose of this letter is to provide deep foundation recommendations for the temporary
Concrete Batch Plant (CBP) that the CalPortland Company will be constructing for the proposed
__State Route 520 Pontoon Casting Facility (PCF). e o mn o o e o s 6 S Y S

The Washington State Department of Transportation (WSDOT) has contracted Kiewit-General
(KG) to construct a casting basin facility to fabricate 33 concrete pontoons within the 55-acre
Aberdeen Log Yard property at 400 East Terminal Way, Aberdeen Washington. The property is
located within Aberdeen tidelands on the north shore of Grays Harbor near the lower reach of the
Chehalis River. The CBP will be located in the northwestern portion of the PCF and the
approximate location of the temporary CBP is shown on Figure 1.

Historically, two sawmills operated on the site in the last ccnb.iry,‘ but since 1971 the site has
been primarily used for log storage. All former sawmill-related structures have been
demolished. Between 1971 and 1981, the shoreline was extended to the south through backfiil
placement with sediments dredged from the Chehalis River, accumulated wood waste, and other
fill material. '

The temporary CBP structure will be supported on a 6-inch thick by 20 feet wide by 80 feet long
reinforce concrete slab. Based on discussions with the stmmetural engineer the slab will have a
uniform pressure of approximately 1,500 pound per square foot (psi).

The following sections describe the analyses, geotechnical recommendations, and construction
considerations for foundation support of the temporary CBP.

400 NORTH 34™ STREET - SUITE 100

PO BOX 300303 _

SEATTLE, WA 93103 T -
206-632-8020 FAX 206-685-6777 21-1-21453-001
TDD: 1-A00-833-5388

www.shanhnonwison.com
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. Craig Overly SHANNON&WILSON. ING,
CalPortland Company

December 21, 2010
Page 2 of 6

SUBSURFACE CONDITIONS

‘We reviewed the results of the explorations located within the general limits of the proposed
temporary CBP. In general, the subsurface conditions consist of fill with wood and oceasional
concrete debris to a depth of about 10 1o 15 fest bgs. In some explorations across the site, the
thickness of the wood debris appeared to be extensive, while in others it may be limited to less
than a foot. The depth of wood debris noted in the logs near the proposed temporaty CBP varied
between 1 and 14 feet below ground surface {bgs), with an average depth of about 9 feet bes,

Very soft to medium stiff silt of medium to high plasticity underlies the fill to an elevation of
about -60-to -70 feet MLLW.

Very loose to medium dense, silty sand and medium stiff to stiff silt undexlie the surficial silt
encoyntered at the site to about elevation -90 to -110 feet MLLW. Based on a review of the
subsurface profiles PCF Geotechnical Baseline Report (GBR) and Shannon & Wilson (2010) the
silty sand does not appear to be continuous across thesite. =~ e .

Dense to very densé sand and gravel was encountered below an elevation of about 90 to
-110 fect MLLW. The dense to very dense sand and gravel was encountered at elevation -90 and
~107 feet MLLW in nearby borings H-1-08 and H-07-09, respectively.

Siltstone was enconntered at an elevation of about -185 feet MLLW in boring H-08-09.

AXTAY, RESISTANCE

Based on the uniform slab pressure of 1,500 psfand the potential for unsuitable settlement of the
soft compressible site soils, we recommend the temporary CBP be supported on deep

foundations. Typical pile foundations for the temporary CBP would be either timber piles or

steel pipe piles. The basin slab for the proposed PCF will be supported with. 18-inch diameter by
3/8-inch thick wall steel pipe piles, Therefore we considered 18-inch diameter by 3/8-inch thick
wall steel elosed-end pipe piles for support of the temporary CBP.

The recommendations for pile foundation penetrations and capacities are based on theoretical
and empirical data, subsurface conditions encountered at the site, engineering judgment; and
experience. '

Driven pile axial capacities are developed through a combination of side and base resistance.

Static axial resistances for the temporary CBP steel pipe piles and timber piles were estimated

based on soil types encountered in the borings, relative densttics of the soil as determined by

SPT blow count, and our experience in similar soil and project conditions. We also considered

the results-of the March 2010 PCF fest pile program and PDA/CAPWAP analyses for estimating ~ —-

21-1-21453-001
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Craig Overly SHANNON sWILSON, INC.
CalPortland Company
December 21, 2010

Page 4 of 6

LATERAL RESISTANCE

Lateral loads acting on the structure from wind may be resisted by the lateral resistance provided
by the timber or steel pipe piles. The computer programs LPILE™Y® (Reese and Wang, 1997)
and Deep Foundation System Analysis Program (DFSAP) (WSDOT, 2006) may be used to
evaluate lateral resistance of driven piles aud to calculate the magnitude of deflection, shear, and
moment along the pile.

Based on subsurface conditions as interpretexd from the subsurface explorations the .
recommended parameters for input into the LPILE™"® and DFSAP programs under static wind
loading conditions are presented in Table 2. ;

As shown in Table 2, we recomnmend that the sand and gravel deposits be modeled with the
“Reese Sand” constitutive model, whick requires a friction angle and modulus of subgrade
reaction. The static soil parameters for other layers were estimated based on our review of the

consolidated undrained and unconsolidated undrained triaxial tests results, static'direct sirople. e

shear (DSS) test results, pressurefméter test results, and field vane shear test results, conducted
for the PCF and our experience with similar soils.

Group interaction should be considered when evalvating horizontal pile movement for piles with
center-to-center spacing less than five times the diameter of the pile. Based on discussions with
the structural engineer we assume that the piles for the CBP will have center-lo-center spacings
greater than five diameters.

CONSTRUCTION CONSIDERATIONS

The pile type and size, estimated pile length, nominal compression resistance, minimum pile
driving blow count, minimum ram stroke, and maximum compression stress, as required, are
summarized in the table below. We understand that the steel pipe piles and timber piles will be
driven using a Delmag D-46 diesel pile driving hammer and the Vulcan No. 1 pile driving
hammer, respectively.

The pile driving criteria for the steel pipe pile are based the WEAP anslysis using a Delmag D-

. 46 diesel pile driving hammer and our experience with similar projects. The WEAP analysis
results are shown graphically in Figure 4. The pile driving criteria for the timber piles is
estimated by dividing the nominal resistance (kips) by 4 to achieve a continuous pile driving
blow count (blows/foot).

21-1-21453-001
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Craig Overly SHANNON EWILSON, ING,
CalPortland Company :
December 21, 2010
Page 3 of 6

the axial resistance for the stee] pipe piles. The PDA/CAPWARP results are p:esented and
summarized in Shaonon & Wilson (2010). ,

. These analyses are applicable to a single pile, or pile groups with a center-to-center pile spacing
greater than 2.5 diameters. If a pile spacing that is less than 2.5 diameters is selected for design,
pile group reduction will be required.

The temporary CBP piles will not be designed for the seismic loading conditions. Therefore, we
did not estimate the seismic indueed downdrag loads for the temporary CBP piles.

Results of our axial resistance analyses are presented graphically in Figures 2 and 3 in terms of

plots of pile penetration versus nominal (unfactored) resistance. Resistances for the 18-inch

diameter, closed-end, steel pipe pile would be driving the piles at least 2 feet into the medium

dense sand and gravel. A nominal résistance of about 70 and 80 kips can be achieved by driving

the 12-inch diameter timber px!e approxunately 50 and 60 feet, respet;nve]y, below the CBP

. concrete slab. - - STt

The estimated pehetrations to satisfy the required nominal (ultimate, unfactored) resistances
be determined from Figures 2 and 3 using appropriate resistance factors. For Strength Limit
corapression loading, we recommend a resistance factor of 0.63 for side and base resistance, in

- general accordance with American Association of State and Highway Transportation Officials
(AASHTO) Load and Resistance Factor Design (LRFD) Bridge Design Specifications, 4™
Edition, with 2008 Interim Revisions (AASHTO, 2008). This value assumes that dynamic pile -
testing with signal matching is performed during installation of the production piles. In general
accordance with AASHTO (2008), the required number of dynamic pile tests depends on the site
variability. For the site variability and the proposed number of piles to support the CBP, we.
recommend that a minimum of two pile dynamic tests be performed. We understand that the
dynamic pile testing will be performed during the installation of piles for the PCF.

The actual depth of pile penetration achieved will vary depending upon the consistency and
relative density of the soil excountered during pile driving. The estimated penetrations into the
dense sand and gravel and the driving resistance oriteria may be modified after the initial
production piles are driven.

We estimate that the steel closed-end pipe plles dnven into the dense sand and gravel would
experience settlements of about % to 1 inch under the proposed factored loads. These settlement
estimates include the elastic compression of the pile as a result of the applied loading, For 50-
foot timber piles bearing in soft deposits, we estimate settlements of about 2 to 4 inches.

21-1-21453-001
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Craig Ovexly SHANNON aWILSON, INC.
CalPortland Company _
December 21, 2010
Page 50f 6
TABLE 1
PILE DRIVING CRITERIA.
Estimated Nominal Continuous Maximeum
Pile Pile Wall Pile Compression | PileDriving | Minjmum | Compression
Pile | Diameter | Thickness | TLenpth Resistance Blow Count Stroke Stress
Type {inch) {inch) (feet) (kips) (blows/foot) (feet) (lasi)
Sheel 13 ET 122 200 12 69 2%
g
Steel
i 18 iE 122 300 13 6.5 29
Timber 12 - 50 70 13 - -
Timber 12 - 60 80 T20 - -
Nptes:

1. Driving criteria for the steel pipe pile are based on GRLWEAP (Version 2005) analysis resulis.
2. Driving criteria forthe steel pipe piles may be revised based on the sesults of the infiial production pile instatlation.

underlying soft silt and sand deposits into the very dense sand and gravel deposits. Potential
obstructions, such as wood and occasional conerete debris and very dense gravelly matenial may
be encountered during the installation of the piles through the upper fill material encountered
fiom the ground surface to about 10 to 15 fect bgs. Remedial measures such as predrillimg and
pre-excavation would be required to mitigate the impact of the potential obstructions. T
addition 1o the above, the contractor rogy consider banding the pile tip and buit of the timber’
piles to reduce the potential for damage to the pile while driving through debris in the upper
portion of the soil profile. ‘

Sincercfy, -
SHANNON & WILSON, INC.

Robert A. Mitchell, P.E.
Associate

CIFRAM:TWicij

Table 2 — Recommended Geotechnical Parameters for Development of L-Pile P-y Curves

Figure 1 - Sits Plan

Figure 2 —Bstimated Axial Resistance, 18-inch Diam., 3/8-inch Wall Thick, Closed-End
Pipe Pile

Figure 3 —Estimated Axial Resistance, 12-inch diam., Timber Pile

Figure 4 — WEAP Analysis, 18-inch Diam., 3/8 inch Wall Thick, Closed-End Pipe Pile

21-1-21453-001




Craig Overly - SHANNON EWILSON, ING.
CalPortland Company

December 21, 2010
Page 6 of 6
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SHANNON & WILSORN, INC.

TABLE2
RECOMMENDED GEOTECHNICAL PARAMETENS FOR DEVELOPMENT OF L-PILE P-y CURVES
. Moduhe of Sntde
Top Botiom Total Uit Em"‘ Aversge Cobesion,c|  Amgleq | Sobgrade |Soencd Straln
Flevatlon | Elovatica Sall Mpdel Welght, y Weight, " (psf) (degrees) § Reaction k | ¢ 200% Max
(feet) {feet) () o) . . Stress, wg lor
Statle Static Stotie Clay Model
13 -11 Saft Clay o5 33 500 - - 002
11 20 Reese Sand [eT) 58 - 32 50 -
20 <33 Soft Clay 95 33 20 - - 0.02
-35 ) Suff Chay wio Frea Water| 100 3% 1100 - - 0015
4] -60 Recst Sand 120 i3 - 30 35 -
-84 <75 S Clay wio Feo Water | 100 EL 1100 - - 0.015
75 -105 | SofChywioFree Watkerf 105 43 1500 - - 001
-105 321 Regee Sand 130 62 - 36 50 B
-121 160 Reese Sand 135 ] - 3% 125 .
Noles
pef=pounds per cubic foot
" pod=pounds per eubit inck
psf=pounds per squace fool
s ipes per square foot
kasi=Dkips pec sqvace inch .
LILE Progoticsxien Faze1of1 21-1-21453-00}
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